Objectives To compare responses in two patient populations with a questionnaire developed to identify those prescribed ocular hypotensive medication whose adherence may need improvement and who may be ready to change. Methods The content/face validity of a 62-item, self-administered questionnaire was confirmed by nine glaucoma specialists. Questions concerned demographics, health and medications, use of/problems with medications, and visual function. The questionnaire was administered anonymously to 102 consecutive patients in a glaucoma referral practice ('glaucoma practice') and 100 from a multispecialty ophthalmology practice ('multispecialty practice'). All participants were prescribed X1 ocular hypotensive medication and had no previous trabeculectomy. Results Patients in the glaucoma practice were more likely to be younger, AfricanAmerican, and better educated (Po0.05 for each). In both, 480% had glaucoma with 460% diagnosed X3 years previously. Most (glaucoma, multispecialty: 87, 93%) reported administering drops every day, but more in the multispecialty practice reported administering drops at the same time every day (79, 92%; Po0.05). Number of adherence problems (mean, 1/patient) and adherence scores (mean, 24; possible scale range, 0-25) were similar. Common adherence barriers were falling asleep and forgetting when the regular schedule changed or when travelling. In the glaucoma practice, the number of adherence problems was correlated with adherence score (r ¼ -0.611; Po0.0001) and number of side effects (r ¼ 0.349; Po0.0001).
Introduction
Glaucoma and ocular hypertension are chronic and often asymptomatic conditions that require long-term adherence and persistence with ocular hypotensive medication regimens to reduce the risk of progression. 1, 2 Unfortunately, both adherence and persistence have been found to be poor in patients with these conditions. [3] [4] [5] [6] [7] [8] [9] [10] The inability to distinguish between problems of efficacy and those of adherence and persistence may result in suboptimal patient outcomes and unnecessary and costly changes in therapy.
Assessing medication-taking behaviour, identifying patients in whom adherence (the extent to which patients' behaviour correspond with providers' recommendations 11 ) or persistence (the extent to which the patients continue to administer medication over the long term 12 ) may need to be improved, and evaluating readiness for behaviour change are key to improving patient medication-taking behaviour. Questioning patients directly about their medication-taking behaviour offers clinicians a window into patient behaviour independent of parameters such as intraocular pressure levels. We developed an instrument based on the transtheoretical model of change [13] [14] [15] [16] [17] [18] to identify patients whose adherence may need to be improved and who may be susceptible to behaviour change. The objectives of this study were to develop an instrument to assess patient readiness for change and to test the instrument and compare responses in two patient populations.
Materials and methods
The study protocol was reviewed and approved by the Institutional Review Board at Purdue University, and the study was conducted in compliance with the ethical principles maintained in the 1964 Declaration of Helsinki. Verbal informed consent was obtained from patients before the study entry.
Data were collected using a 62-item, self-administered questionnaire based on the transtheoretical model of change, an integrative theoretical model of behaviour change that has been the basis for developing effective interventions to promote health behaviour change. [13] [14] [15] [16] [17] It is a model of intentional change involving emotions, cognitions, and behaviours, and describes how people modify a problem behaviour or acquire a positive behaviour. The model makes no assumption about how ready individuals are to change and views change as a process involving progress through five stages ( Figure 1) . 18 Before change in the target behaviour occurs, the time period is conceptualized as 'behaviour intention'. After the behaviour has changed, the time period is conceptualized as 'duration of behaviour'. Regression occurs when an individual reverts to an earlier stage; regression from action or maintenance to an earlier stage usually is termed 'relapse. ' Questionnaire items were derived from a review of the ophthalmic and non-ophthalmic literature and modified to apply to patients with glaucoma or ocular hypertension. The survey was designed to be selfadministered and included patient evaluations of health and medications, difficulties in taking ophthalmic medications, 19 use of glaucoma medications, visual function, 20, 21 adherence (Medication Adherence Report Scale 22 ), and demographics). A draft of the questionnaire was reviewed for content and face validity by a panel of nine glaucoma specialists and behavioural and health economics experts (Appendix). The panel confirmed the content and face validities of the questionnaire. Changes to the survey were made reflecting the panel's recommendations to reduce forced choices by adding more coded responses for selected items and to amend wording to improve readability and response clarity.
Potentially eligible patients were from two practices in which one of the authors (GFS) served as a glaucoma specialist: (1) a tertiary metropolitan glaucoma referral practice ('glaucoma practice') and (2) a more rural multispecialty ophthalmology practice ('multispecialty practice'). Consecutive patients diagnosed with primary open-angle glaucoma, primary closed-angle glaucoma, glaucoma suspect, or ocular hypertension who were prescribed at least one ocular hypotensive medication and who had no history of trabeculectomy were asked by GFS to participate. Prospective participants were advised that the clinician would not have access to information in individual questionnaires. Completed questionnaires were immediately sealed by the patient in a business reply envelope, and mailed to a coinvestigator (KSP) in a different state for analysis. Two patients in the multispecialty practice were unable to read the instrument, and their questionnaires were completed through interviews conducted in a private location (an examining room) by a technician. In all instances, interpretation of questions was left to the patient. Patients in the glaucoma practice who agreed to participate were given a $1 parking voucher. Descriptive statistics were performed, including frequencies, means, and SD (SPSS Version 10.1). w 2 -and Kruskal-Wallis tests were used for non-parametric comparisons of variables; t-tests and Pearson correlation were used for parametric comparisons. 
Results
A total of 103 patients in the glaucoma practice were asked to participate and 102 completed a questionnaire. All 100 patients in the multispecialty practice who were asked to participate completed a questionnaire.
Compared to patients in the multispecialty practice, those in the glaucoma practice were younger and more likely to be African-American, to have higher incomes, and to be better educated (Po0.05 for each comparison; Table 1 ). In both groups, 480% had glaucoma and 460% were diagnosed at least three years previously; 45% of patients in the glaucoma practice and 57% of those in the multispecialty practice used a single type of eye drop (P ¼ not significant; Table 2 ). More than 90% of patients in each practice had some type of insurance coverage for their eye drops. Mean numbers of reported comorbidities were 1.88±1.49 for patients in the glaucoma practice and 2.12±1.58 for those in the multispecialty practice; common comorbidities in both practices were hypertension, allergy, arthritis, and diabetes.
Use of glaucoma medications
Patients were given a list of thoughts and experiences that can affect the use of ocular hypotensive medications as directed, and were asked to indicate the frequency of occurrence of each within the past month by circling the numbers from 1 (never) to 5 (always). Patients in both practices generally were confident in their ability to take their medication(s) regularly without being reminded or encouraged by others (Table 3) .
Adherence and the transtheoretical model of change
Patients answered the following five questions concerning eye drop adherence using the scale anchors of 1 ¼ always and 5 ¼ never (possible adherence score range ¼ 25): 'I forget to take them', 'I alter or change on my own the dose,' 'I stop taking them for awhile,' 'I decide to miss a dose,' and 'I take less than instructed.' Those in both practices reported high and very similar levels of adherence. The mean adherence score for those treated in the glaucoma practice was 23.98±1.29 (range, 20-25) and was 23.77 ± 2.54 (range, 5-25) for those seen in the multispecialty practice.
Patient-reported adherence in both practices also was high when questions were asked in the context of the transtheoretical model of change (Table 4) . Most patients in both practices reported administering eye drops every day, but significantly more patients in the multispecialty practice reported administering eye drops at the same time every day (92 vs 79% in the glaucoma practice; Po0.05). In all, 71-72% of patients in both practices reported that they expected to take ocular hypotensive medication(s) for the rest of their lives.
Side effects and problems with adherence
Patients were presented with a list of 12 possible glaucoma medication-related side effects, such as blurred vision, burning or stinging in eye(s), and redness, and were asked to check all that they experienced on a regular basis. Side effects did not appear to be a major problem for patients in either practice. Those in the glaucoma practice reported a mean of 0.84 ± 1.26 side effects (range, 0-6), whereas those in the multispecialty practice reported a mean of 0.86 ± 1.19 side effects (range, 0-6).
Patients were given a list of 23 'reasons for why you may not use your eye drops' and were asked to check those that 'explain why you miss a dose of your eye drops or do not use your eye drops.' Representative reasons were 'I just have difficulty remembering,' 'I fall asleep before it is time to use them,' and 'They have side effects that I do not like.' In the glaucoma practice, patients reported a mean of 0.92±1.08 (range, 0-5) problems, similar to the mean of 1.07±2.52 (range, 0-23) problems reported by those seen in the multispecialty practice. In both the glaucoma and multispecialty practices, respectively, the most commonly reported barriers to adherence were falling asleep (20 and 16%), forgetting when the regular schedule changed (15 and 10%), and forgetting when travelling (14 and 20%). In the glaucoma practice, but not in the multispecialty practice, the number of adherence problems was significantly correlated with adherence score (r ¼ À0.611; Po0.0001) and number of side effects (r ¼ 0.349; Po0.0001).
Discussion
The transtheoretical model of change has been the basis for developing instruments successfully used to assess and improve adherence in patients with a variety of 1.14 ± 0.41 1.17 ± 0.64 a Patients were presented with a list of some thoughts and experiences that can affect the use of glaucoma medications as directed and were asked to think about any similar experiences they may be currently having or have had in the past month. The frequency of each was rated by circling the appropriate number: 1 ¼ never; 2 ¼ rarely; 3 ¼ sometimes; 4 ¼ often; and 5 ¼ always.
Eye medical conditions. [23] [24] [25] [26] [27] To our knowledge, the current research is the first attempt to apply the model to a glaucoma population. Although the face and content validities of the questionnaire were confirmed by a panel of glaucoma experts, medication adherence by self-report was uniformly high among patients prescribed ocular hypotensive medications and making office visits to a glaucoma practice or to a multispecialty practice. Given this lack of variability, we were not able to identify those whose adherence needed to be improved and who were ready to change.
The very high patient-reported adherence rates likely reflect overreporting because of, at least in part, the general inclination of patients to report behaviours they believe their physicians expect 28 as well as the tendency of patients to improve adherence around the time of the office visit ('white-coat adherence'). 29, 30 Kass et al 31 found adherence rates reported by patient interview (97%) or medication log (99%) were substantially higher than the 76% rate measured by eye drop monitor. Cramer et al 30 reported that patients were best at dosing 5 days before an office visit with a sharp decline in adherence a month laterFfrom 88 to 67%.
In addition to the issue of overreporting adherence, characteristics of patients in the glaucoma and multispecialty practices may have further limited our ability to identify those who were below the maintenance level of adherence ('usually taking glaucoma medications every day for more than 6 months') and who were ready to change. First, we included only those who kept a follow-up appointment, although others 32, 33 have found non-adherence with follow-up to be associated with poorer medication adherence. Second, visit nonadherence is significantly more likely to occur among glaucoma suspects than among those with definite glaucoma, 33 but we could not stratify our analyses by diagnosis because more than 80% of participants in both practices were diagnosed with glaucoma. Third, patients prescribed an ocular hypotensive medication o6 months before administration of the questionnaire could not, by definition, report the maintenance behaviour; in our patient groups, only 16% of patients were diagnosed with the condition for which they were receiving ocular hypotensive therapy p1 year previously, further limiting response variability. Fourth, patients who participated in the current research (as well as those included in the survey portion of the Glaucoma Adherence and Persistency Study (GAPS)) 34 may not be representative of the wider population of glaucoma patients as all consented to answer questions about their conditions and medication-taking behaviours. Given these limitations, testing of the instrument in larger, more diverse groups of patients seems warranted. Finally, excluding patients who have undergone trabeculectomy can skew the results in specific ways. It may be that the less adherent patients are more likely to progress and need trabeculectomy, so results are more skewed towards adherent patients. Alternatively, patients who have undergone trabeculectomy in one eye and are on medications in the fellow eye may become more adherent to an effort to reduce the chance of having to undergo additional surgery, or those taking drops following qualified success or failure of surgery may have increased motivation to adhere.
Our inability to identify patients whose adherence needed to be improved and who were ready for behaviour change suggests that motivational interviewing [35] [36] [37] may be important in all physicianpatient encounters. Motivational interviewing, also termed patient-centered counselling, is non-judgmental, empathetic, and encouraging, and is characterized by reflective listening, and positive feedback rather than by direct questioning, persuasion, and giving of advice. The effectiveness of motivational interviewing has been documented in programmes targeting diet and exercise, 38, 39 smoking cessation, 40, 41 and medical adherence. 42, 43 Although the utility of the current questionnaire and of motivational interviewing in patients prescribed ocular hypotensive therapy requires further testing, others 19, 32, 34, [44] [45] [46] [47] [48] [49] have found adherence in this patient population to be problematic and have identified several barriers that parallel the situational issues (eg, forgetting when travelling or when the regular schedule changed 19 ) reported broadly by patients in both the glaucoma and multispecialty practices. Research is needed to further specify health-related beliefs, lapses in or dissatisfaction with doctor-patient communication, and situational obstacles that negatively impact adherence in this patient population. In particular, the impact of gender on readiness for behaviour change should be assessed, as male patients have been reported to be more likely to be non-adherent. 3 In conclusion, similarities between patient populations limited our ability to compare responses between groups or to propose adherence counselling tailored to specific demographics. Until such recommendations are possible, physicians should incorporate adherence counselling broadly into their practices.
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